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Abstract 
Contempoary research on the soil and water conservation benefit mainly focus on the benefit calculation after a 
certain harnessing stage. However, little was known about how the harnessing messures affect the runoff and 
sediment during the harnessing process.This paper takes Lianshui watershed as the research object to analyze 32 
years’ monitoring data of the outlet station in this watershed by virtue of Mann-Kendall Test and calculate 
quantificationally the contribution of long-term soil and water conservation measures harnessing to the runoff and 
sediment yield of this watershed in different stages by virtue of mathematical model, thus to identify the influence on 
long-term long-scale soil and water conservation measures harnessing on runoff and sediment yield variation. The 
results have showed that: After the 3 soil and water conservation harnessing stages during the period from 1983 to 
2002, the sediment yield of Lianshui watershed has significantly decreased, however, the annual runoff hasn’t been 
changed along with the extension of the harnessing period, with regard to the influence on sediment reduction in the 
watershed, the contribution rate of water and soil conservation measures was 41.41% compared with the natural 
factors after 1st harnessing stage (1991-1998), 49.74% after 2nd harnessing stage (1999-2002), and in 3rd harnessing 
stage (2003-2009) it reached 67.68%, it can be seen that the influence of water and soil conservation measures on 
watershed sediment yield can gradually increase along with the extension of harnessing period and continuous 
expansion of harnessing scale and eventually become the dominant factor.  
Keywords: Soil and water conservation measures; Runoff and sediment yield; Quantitative analysis 
Introduction 
Soil and water conservation is a systematic, comprehensive project that, for large watersheds, the 
harnessing benefit can only be observed in a very long time, meanwhile, due to the complex mechanism 
of various water storage and sediment control measures, it is very hard to set up a reasonable benefit 
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calculation method[1]. Since the 80s of last century, China has launched soil and water conservation 
campaigns in 8 key soil and water conservation harnessing regions (namely, Wuding River, 
Huangfuchuang and Sanchuang River of Yellow River watershed, Dingxi County of Gansu Province, 
Upstream of Yongding River in Haihe watershed, Upstream of Liuhe in Liaohe watershed, Gezhouba 
Reservoir of Yangtze River watershed and Xingguo County of Jiangxi Province), the state and local 
governments have invested a great deal of manpower, material and financial resources in these regions, 
then, what roles have such harnessing practices played in the soil and water conservation in local places? 
How significant have been the influence of such practices on runoff and soil yield in these watersheds? 
Many scholars have analyzed the runoff and sediment yield benefit with qualitative or semi-quantitative 
methods, such calculations ask for a certain expert experience, and there is little assessment which takes 
advantages of mathematical model quantification to identify the comprehensive influence of long-term 
long-scale soil and water conservation harnessing measures on runoff and sediment yield variation. This 
paper takes Lianshui watershed as the research object to analyze 32 years’ (1978-2009) runoff and 
sediment monitoring data of the outlet station in this watershed by virtue of Mann-Kendall Test method 
and take advantages of the quantitative analysis model for the influence of human activities and natural 
factors on watershed sediment proposed by Fan, Xu in 1992 [2,3,4] to quantitatively calculate the benefit 
after the large-scale soil and water conservation harnessing in 3 stages from 1983 to 2002, thus to 
calculate the contribution of long-term soil and water conservation harnessing measures to the runoff and 
sediment yield of this watershed in different stages and retain it for future reference.  
Study area 
Lianshui watershed is located in the northeast of Xingguo County, one of key soil and water conservation 
counties in China, the total watershed area is 579.23 km2. Due to its location in the red soil hilly region 
and the influence of human factors like long-term deforestation, in the early 80s of last century, the soil 
erosion in local places was very serious, which resulted in riverbed sediment deposition and soil fertility 
decline and made the ecological environment very fragile. Since 1983 when Xinggou County was listed 
as 8 key soil and water conservation harnessing regions, the state and local government have done a lot of 
hard work and effectively carried out many soil and water conservation measures such as closed forest, 
aerial seeding, grass planting, planting soil and water conservation forest, etc. that significant results have 
been achieved and the ecological environment has been gradually improved. In 2000, the forest area of 
Xingguo County reached 2, 347 km2 that the coverage rate amounted to 72.5% [5]. 
During the period of 1983-2002, large-scale soil and water conservation harnessing was carried out in 
stages in Lianshui watershed. It can be learnt from Table 1 that: 1. during the period of 1983-2002, the 
harnessing was carried out in three stages in 10 sub-watersheds, namely, 1st stage: 1983-1990, 2nd stage: 
1993-1997 and 3rd stage:1998-2002. The main implementation phase for soil and water conservation 
measures in this watershed was the 8 years during the period of 1983-1990, it occupied a very largest 
proportion of the total harnessed area, namely, 84.51%, therefore, the 1st stage shall be the focus for 
studying the hydrological response effectiveness of the soil and water conservation measures. 2. the main 
soil and water conservation measures for Lianshui watershed are planting soil and water conservation 
forest, closed forest, aerial tree planting, planting commercial fruit forest and grass, the plant measures are 
still the main soil and water conservation measures in this watershed,  this study mainly focuses on the 
influence of plant measures on hydrological changes of the watershed. 
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Table 1 Soil and water conservation measures for Lianshui watershed. 
 
 
 
 
Material and methods 
   Mann-Kendall Test  
   The Mann-Kendall Test method is a non-parametric test method recommended by the World 
Meteorological Organization and widely used in the analysis on the elements such as precipitation, runoff, 
and temperature and water quality. It is characterized by: the samples do not need to comply with certain 
distribution and it is not subject to the interference of some abnormal values that it is ideal for non-
normal-distributed data such as hydrological, meteorological and other data[6,7,8,9,10], its test statistic 
formula is as follows: 
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Harnessin
g Stage 
Harnessing 
Time 
Total 
Harnessed 
Area[km2] 
 Measures Harnessed Area[km2] 
1st Stage 1983-1990 128.56 
Soil and water 
conservation forest 52.42 
Aerial seeding 31.23 
Commercial fruit forest 2.06 
Grass planting 3.46 
Closed forest  39.38 
2nd Stage 1993-1997 7.00 
Soil and water 
conservation forest 2.33 
Commercial fruit forest 1.15 
Grass planting 0.19 
Closed forest  3.33 
3rd Stage 1998-2002 16.56 
Soil and water 
conservation forest 8.74 
Commercial fruit forest 1.08 
Closed forest  5.66 
Grass planting 1.08 
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Where, the positive value indicates the increasing trend, the negative value indicates a decreasing trend. 
When the absolute value is greater than or equal to 1.28, 1.64, 2.32, which respectively indicates that it 
has passed the significance test respectively with the following confidence levels, namely, 90%, 95% and 
99% .Meanwhile, with the same method we can get the Z1 value from the inverse data serial.   
   Quantitative Analysis Model for the Influence of Human Activities and Natural Factors on 
Watershed Sediment  
  Xu and Fan [4,5,6] have set up a quantitative mathematical model for watershed sediment yield subject 
to human activities and natural factors by virtue of the dynamic mechanism of the process of soil erosion 
and desertification, the contribution of human activities to watershed sediment yield can be quantitatively 
calculated by virtue of this model, this method can provide the quantitative characterization of the 
influence of human activities in the watershed or regional scale with a new approach[7]. The general 
equation proposed by them is applied in this study to analyze the sediment yield capacity of Lianshui 
Watershed, meanwhile, since there is few other hydraulic projects in this watershed, the human factors in 
the equation in this study refers to the large-scale soil and water conservation harnessing.   
Here, Y represents input elements, M represents the intensity of human activities, 1x ˈ 2x ˈ
3x ! nx  represent the inputs of different natural elements, C represents the regional characteristic value, 
then we can obtain the following common functions for runoff sediment process changes, i.e.: 
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Where: M, 1x ˈ 2x ˈ 3x ! nx are all functions of time t, C is a constant. After total differential for 
the above equation at both sides, the following equation can be obtained after transformation: 
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Since the inputted values of natural elements can be obtained by analyzing the historical data, therefore, 
after estimate the regional characteristic value C and argument ia  with an appropriate method, we can 
calculate the residual value as the change speed M/M'  of human effects. The contribution rate of 
human effects in runoff and sedimentation evolution in Jiangling River Watershed is as follows: 
%100
Y/Y
M/Mk1 u'
'  .               ˄5˅ 
The contribution rate of all natural elements to the output elements like runoff and sediment changes is 
12 k100k  . In the aforementioned formula, you can calculate the contribution rate of human 
activities and all natural factors in runoff and sediment evolution process as long as we obtain the 
argument ia . According to the different calculation methods for the argument ia , Fan (1992) [2] have 
proposed two calculation methods, namely, point elasticity formula and arc elasticity formula. The arc 
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elasticity formula is applied in this paper to calculate the argument ia  in the aforementioned equation. 
The formula is as follows: 
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At this point, the calculation methods for all parameters in the aforementioned equation have been 
resolved. Lianshui watershed is located in the source area of Poyang Lake, it is a relatively closed 
watershed dominated by agriculture, therefore, the implementation of soil and water conservation 
measures is considered as the human factor that affects the sediment yield capacity of the watershed while 
precipitation and runoff are considered as the natural factors.  
Runoff Sediment Change and Trend of the Watershed 
We have analyzed the change rule and trend of 32 years’ runoff and sediment data of the monitoring 
stations of Lianshui watershed by virtue of the variation curve of multi-year runoff and sediment and 
Mann-Kendall Test analysis, the results are as shown in Fig. 1,2, 3 and 4. It can be seen from Fig. 1: the 
coefficient of determination R2 of the variation curve is only 0.004, indicating that there was no 
significant runoff change in this watershed during the 32 years; the runoff of this watershed varied greatly 
between years, even in adjacent years, there were significant changes on total annual runoffs, of which, 
between 2002 and 2003, the difference was 61,600 cubic meters, which was more than 1.5 times as the 
total runoff of 2003. 
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Figure 1 Annual runoff variation curve for 1978-2009 in Lianshui watershed. 
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Figure 2 Annual runoff trends for 1978-2009 in Lianshui watershed. 
The analysis results of annual runoff trends have showed that (Fig. 2): during the period of 1978-2009, 
the statistical value of Mann-Kendall Test for annual runoff is Z=0.08, this value are much smaller than 
the significance test values 1.28,1.64 and 2.32 respectively with the confidence levels of 0.1,0.05 and 0.01, 
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therefore, it can be seen that during this period, there was no significant overall increasing or decreasing 
trends in annual runoff, this result is same with the analyze result of annual runoff variation curve. This 
might be related to the fact that: under sub-tropical humid climate conditions, there is abundant 
precipitation, the runoff caused by one-time precipitation is very impressive, combined with the large 
watershed area, to analyze runoff yield capacity from the time perspective of the annual runoff, the 
impacts on runoff depends largely on the times and intensity of one-time precipitation between years. 
Therefore, to analyze the benefit of soil and water conservation measures in Lianshui watershed, more 
attention shall be paid to the analysis on sediment yield capacity. 
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Figure 3 Annual sediment yield curve of Lianshui watershed from 1978 to 2009. 
 
 
 
 
 
Figure 4 Annual sediment yield trend of Lianshui watershed from 1978 to 2009. 
We can see from the annual sediment yield curve Fig. 3 that, the annual sediment yield of the 
watershed decline gradually and the maximum sediment yield appears in 1984, amounting to 598,400 
tons, while the minimum appears in 2009 with an annual sediment yield of only 22,500 tons, the annual 
sediment yield changes greatly between years. 
Analysis to the trend curve (Fig. 4) shows that: the Mann-Kendall Test value of the annual sediment 
yield from 1978 to 2009 is -2.73, which is beyond the value -2.32 when on the significance level of 0.01, 
this indicates that the sediment yield of the watershed has declined obviously in the past 32 years, among 
which, the declination is obvious from 1984 to 1989 and statistics value in 1989 is beyond the test value 
1.64 on the significance level of 0.05. The sediment yield of the watershed has declined significantly 
since 2002, and the statistics values of the continuous four years from 2006 to 2009 are all beyond the test 
value on the significance level of 0.05, and the statistics value is even higher than the test value 2.32 on 
the significance level of 0.01. 
Quantitative Analysis to the Sediment Trapping Benefit 
The actual monitoring data of the monitoring station in this watershed (Fig. 3,Fig. 4) shows that great 
success has been obtained from the harnessing on soil erosion and the sediment yield has significantly 
declined. Based on the above results, we can divide the research into four stages now, namely, the 1st 
stage: 1978 to 1984 (before the harnessing), the 2nd stage: 1991 to 1998 (after harnessing of the 1st stage), 
the 3rd stage: 1999 to 2002 (after harnessing of the 2nd stage), the 4th stage: 2003 to 2009 (after harnessing 
of the 3rd stage). Since there is no daily rain data, the annual rainfall and runoff are taken here as the 
natural factor influencing the sediment yield while the regulating effects of the soil and water harnessing 
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measures and the water engineering constructions to the runoff sediment of the watershed are taken as 
human factors, using the mathematical model proposed by Xu and Fan [2], this paper carried out the 
quantitative analysis of the benefit by human factors ( means the soil and water conservation measures) to 
the sediment of the watershed, where there the daily rainfall data comes from the Lianshui meteorological 
automatic monitoring station and the daily sediment runoff data from the local hydrological monitoring 
station (Table 2). 
Table 2 The average annual sediment yield, rainfall and runoff in different stages of the Lianshui 
watershed 
The stage Average annual sediment yield[t] 
Average rainfall 
volume[mm] 
Average annual 
runoff[m3] 
T1(1978-1984) 324121.80 1538.19 63037.10 
T2(1991-1998) 269903.60 1712.11 76035.70 
T3(1999-2002) 236783.20 1754.24 74286.30 
T4(2003-2009) 108778.80 1408.73 51466.10 
T1̚T2 rate of 
change(%) -16.73 11.31 20.62 
T1̚T3 rate of 
change(%) -26.95 14.05 17.85 
T1̚T4 rate of 
change(%) -66.44 -8.42 -18.36 
The output elasticity of the annual average rainfall (a1) and the annual average runoff (a2) can be 
obtained by the substitution of the data in table 3 into the above mentioned Eq.3, Eq.4, Eq.5,and Eq.6, and 
then substitute the values of a1 and a2 into the contribution rate calculation formula of human factors in 
the output factors to the soil erosion and we can get the following Table 3: 
 
Table 3 The proportion of runoff, rainfall volume and human factors in the soil erosion of the 
watershed during the stages. 
The stage 
Rainfall 
output 
elasticity (a1) 
Runoff 
output 
elasticity 
(a2) 
Contribution rate of 
human factors K1(%)
Contribution rate of 
natural elements 
K2(%) 
1991-1998 -1.71 -0.98 41.41 58.95 
1999-2002 -2.37 -1.90 49.74 50.26 
2003-2009 11.32 4.92 67.68 32.32 
From the above tables, we can get the following conclusion: during the stage of 1991 to 1998 after the 
harnessing of the 1st stage, the natural factors are still main factors influencing the sediment yield 
decreasing of the watershed and after the harnessing of the 2nd stage, the human factors contribution rate 
to the sediment yield decreased by around 8% and at the end of the harnessing of the 3rd stage, the human 
factors contribution rate amounts quickly to 67.68%. Meanwhile we find that the rainfall can affect the 
sediment yield significantly. During the whole stage from 1978 to 2009, the special years with great 
sediment or little sediment yield are mostly years of relatively many or less rainstorms. For example, the 
sediment yield in extreme years of 1984 and 2009 amounts even to 26.6 times, which is related to the 
rainstorm quantity and rainfall volume of that year. The calculation results also indicate that the 
contribution rate of human factor (namely, the soil and water conservation harnessing) to the soil erosion 
of large area’s watershed can be displayed only after relatively long time, anyway, for long-term 
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harnessing, the human factor can change even can decide the change trend of the sediment yield of the 
watershed. 
The Conclusion 
Since the 80s of the last century, the national water conservancy departments have carried out large-scale 
continuous soil and water conservation harnessing campaign to many key regions according to the 
severity of the soil erosion. And now around 30 years have passed, what kind of benefit after all is 
achieved from these harnessing involved huge labor force, material and financial supports? What kind of 
roles different measures have played after all to influence the watershed hydrology? Answers to these 
questions are wanted by each workers engaged in soil and water conservation. Analysis of Lianshui 
watershed indicates that the implementation of soil and water conservation measures in large scale has 
played great role to reduce the sediment yield of the watershed, the contribution rate of these measures to 
the sediment yield of the watershed in the three stages from 1983 to 2002 gradually increased along with 
the spread of the implementation, the contribution rate rising from the initial 41.41% to 67.68%. The 
sediment trapping effect of soil and water conservation measures is further improved with the extension 
of the harnessing time, but the runoff yield capacity hasn’t changed greatly. This may be thanks to the big 
area of the watershed and the climate change influence to the watershed runoff. The climate change here 
means that the watershed is located in the subtropical zone; the humid climate there brings relatively rich 
rainfall and the size and quantity of sub-rainfall volume, namely the climate changes, influence the 
watershed runoff more greatly than the soil and water conservation harnessing can do. 
The above-mentioned analysis shows that the large-scale soil erosion harnessing started in last century 
is rather proper on the principles of taking watershed as unit and harnessing by unit. After many years’ 
harnessing the great benefit have been obtained in the reforestation and effective sediment trapping in 
most watersheds. The methods using virtues of Mann-Kendal Test and the model can well analyze and 
compare the influence of different measures to the sediment runoff of the watershed from the view of 
watersheds. However, as an analysis method, Mann-Kendal Test also has its limitations and the different 
time slots of trend calculation can affect the analyzing result in certain degree. The analysis method of 
watershed sediment yield contribution rate based on mechanism proposed by Fan and Xu need to be 
further improved because that few natural factors are chosen as the affecting factors to watershed 
sediment yield and the dependence between factors can influence the calculation result as well as that the 
definition of the regional eigenvalue is a relatively blurry empirical value. 
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